they are not replaced by the proliferation of
other nerve cells. There is also no useful re-
generation of the axons in the central nervous
system: indeed when an axon is severed at any
point, the entire axon and the nerve cell body
degenerate. Of the neuroglial cells, proliferation
in response to tissue damage is restricted to
astrocytes, this being referred to as gliosis (p.
728).

Regeneration of peripheral nerves. In contrast
to the nerve cells and fibres in the central ner-
vous system, peripheral nerves have consider-
able regenerative capacity.

When a nerve is transected, the axis cylinders
distal to the cut undergo Wallerian degenera-
tion, i.e. the axon and its myelin sheath break
down and the debris is absorbed by macro-
phages. At the same time the Schwann cells
proliferate within the neurilemmal sheath to
form pathways along which the axons may
regrow. Above the level of transaction, myelin
degeneration extends upwards only to the first
or second node of Ranvier and the nerve cell
body characteristically shows reversible chan-
ges (central chromatolysis p, 726). Axonal
sprouts soon emerge from the proximal ends of
the interrupted axis cylinders and, if the cut
ends of the nerve are in close apposition, they
grow into the distal part of the nerve and along
the spaces formerly occupied by axis cylinders
and now filled with proliferated Schwann cells.
The axons grow at a rate of about 3 mm per
day. These new axons, which at first are very
thin, develop a new myelin sheath and then in-
crease in diameter. They do, however, remain
smaller than normal nerves unless they estab-
lish satisfactory end-organ connections and
functional relationships. This takes some time,
%and restoration of function is accordingly slow
and often imperfect.

A feature of regenerated nerves is that the
internodal segments are shorter than in normal
nerves.

The degree of functional recovery in a dam-
aged peripheral nerve depends principally on
the severity of the injury. If nerve fibres only
are disrupted and the other components of the
nerve trunk remain intact, as in a crush injury
and sometimes in a stretching injury, regenera-
ting axons can grow along their original endo-
neurial tubes, continuity of which is preserved
and these fibres can re-establish their original
end-organ relationships. If there is considerable
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disorganisation of the internal structure of indi-
vidual nerve bundles within the nerve trunk,
the continuity of endoneurial tubes is less likely
to be preserved: fibrosis then occurs within the
damaged segment and interferes with the
growth of axons from the proximal segment of
the damaged nerve, Some axons never traverse
the fibrous barrier, while those that do almost
never grow along their original endoneurial
tubes. Thus many axons fail to reach their ori-
ginal end-organ and abnormal and incomplete
innervation results. When there is subtotal or
complete loss of continuity of the nerve trunk,
the proliferation of axonal sprouts, fibroblasts
and Schwann cells from the proximal end of
the nerve results in the formation of a so-called
traumatic or stump neuroma (Fig. 4.25).

Fig, 4.25 Traumatic neuroma at severed proximal
ends of nerves of an amputated arm.

In severely damaged nerves, surgical repair
after excision of the involved segment or the
traumatic neuroma is often the only hope of
achieving any functional recovery, but some
residual disability almost invariably persists.

Repair of mucosal surfaces

Cells which line mucosal surfaces, are being
lost and replaced continuously throughout life
and, like all surface epithelia, have a good po-
tential for regeneration (Fig. 4.26). In general, the
raw surface is first covered and only later is
there differentiation into more specialised cells.